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Abstract 

We have made a detailed proposal for a two-channel quantum dot set-up. The energy scales in the problem are 
such that we are able to make connection with the two-channel Anderson model, which, in spite of being well-known 
in the context of heavy-Fermion systems remained theoretically elusive until recently and lacked a mesoscopic 
realization. Verification of our precise and robust predictions for the differential capacitance lineshape of the dot 
will provide an experimental signature of the two-channel behavior. 
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The physics of quantum impurities continues to be 
one of the central themes in the study of electronic 
systems exhibiting strong correlations. In the subject's 
long history, one of the recent developments -taking 
place during the last decade- was the realization of the 
Kondo effect in artificially fabricated nanostructures 
[1]. The appeal of this new type of quantum impuri- 
ties resides in the high degree of experimental control 
over the parameters of the system and the possibili- 
ties to carry out new -more direct- types of measure- 
ments. Because of this unique characteristics, artificial 
structures like quantum dots are very promising for 
the experimental realization of the elusive two-channel 
Kondo effect [2]. 

In a recent work [3] , we have proposed a new set-up 
that realizes two-channel Kondo physics. Even more, 
the set-up is described precisely by the two-channel 
Anderson model, which is a well known model in the 
context of heavy fermion physics [4]. A lot of progress 
was made during recent years in unraveling the physics 



of two-channel Anderson impurities [5,6], what allows 
us to make precise predictions for the quantum-dot set- 
up that we propose. The set-up, illustrated in Figure 
1, consists of a small quantum dot sided by two large 
Coulomb-blockaded mesoscopic islands that we shall 
call grains. 
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Fig. 1. Schematic depiction of the set-up involving two iso- 
lated large quantum dots (grains) independently connected to 
a small quantum dot located between them. The tunneling bar- 
riers between the grains and the central dot, and trt, can 
be independently adjusted tuning the voltages Vt L and Vt R - 
The occupancy of the dot and the grains arc controlled by the 
respective gate voltages: Vg, VgL, and Vgn. The dot-grains 
system is isolated from the two-dimensional electron gas sur- 
rounding it, so that the total charge is conserved. The plunger 
gates, VpL and Vprt, are completely closed once the system is 
tuned to the triple charge-degeneracy point of dot and grains. 
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A study of Coulomb energy of the different electronic 
configurations shows that the medium and low tem- 
perature physics of the dot-grains system is captured 
by the two-channel Anderson model [3] 
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The notation is as follows: gkao are the electron opera- 
tors for the two grains (labeled with a) and fo„ and Jo- 
are, respectively, boson and fermion fields describing 
the different low-energy Coulomb-blockade configura- 
tions. The charge fluctuations between dot and grains 
are described by the term Htun- The last two terms in 
the Hamiltonian together with the constraint 

flL + Y] = i 
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encode the physics of the Coulomb blockade. The dif- 
ferent parameters in the Hamiltonian are directly re- 
lated to the corresponding gate voltages shown in Fig- 
ure 1, and can be tuned externally in order to explore 
the different regimes of the system. 

The nature of the set-up we propose precludes the 
possibility of transport measurements as it stands. On 
the other hand, a feasible and very interesting exper- 
iment would be to measure the capacitance lineshape 
of the central dot. We have recently explained in de- 
tail how that can be achieved using a system of two 
symmetric single electron transistors attached one to 
each grain. The differential capacitance probes directly 
the charge susceptibility of the system, which one can 
compute from the two-channel Anderson Hamiltonian 
using a Thermodynamic Bethe Ansatz analysis [5]. 
Namely, 8C oc Xc = ~dQ/de and in the low tempera- 
ture limit, the dot excess charge Q = e%2 a <fif&> is 

{2z/n) dz (x — e) dx 
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Figure 2 plots the vanishing-temperature \c and the 
overlay shows Q, both as a function of e. We have ar- 
gued [3] that this lineshape is different from the one 
expected in other proposals for two-channel Kondo be- 
havior and different as well from what one would ex- 
pect for a one-channel system. The functional form of 
the lineshape is also robust to changes in temperature 
provided T < A oc t 2 L R , as well as to the presence of 
magnetic field or grain asymmetries bounded also by 
A. Notice that this prediction has no free fitting pa- 
rameters once the value of A is determined. We expect 
that the detailed information available for the system 
from the theoretical point of view might act as an en- 
couragement for the experimental groups able to test 
our predictions. 




Fig. 2. Charge susceptibility of the quantum dot as a func- 
tion of energy splitting. The open circles indicate the vanish- 
ing-temperature TBA result. The solid line corresponds to a 
Lorcntzian fit, while the dashed line is the fit to the deriva- 
tive of a Fermi-Dirac distribution. With the same symbols as 
before, the overlay shows the excess charge on the dot as a 
function of energy splitting. 
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